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We have studied the average charged particle density (<dNch/dη>), transverse momentum (pT)
spectra, <pT> and azimuthal anisotropies of inclusive charged particles produced in Xe+Xe col-
lisions at
√
sNN = 5.44 TeV using A Multiphase Transport Model (AMPT), which includes the
deformation of Xe129 nucleus. Calculations have been performed with the string melting version
of AMPT model and compared with the recent measurements from the ALICE experiment. The
model results over predict the measured <dNch/dη> for central collisions, agree with the data for
mid-central collisions and under predict the measurements for peripheral collisions. The centrality
dependence of <pT> of charged particles measured in ALICE is not reproduced by the model re-
sults. The calculated elliptic flow (v2) from AMPT model overpredicts the ALICE measurements in
central collisions but are consistent with the data in mid central collisions. We find that the model
shows a mild centrality dependence of triangular flow and overestimates the ALICE measurements.
Within the model framework, we have also studied various collision configurations of Xe nuclei such
as body-body, tip-tip, side-side and random. We find a strong dependence of the above observable
on the collision configurations.
I. INTRODUCTION
After a successful heavy-ion program at the Large
Hadron Collider (LHC) and Relativistic Heavy-ion
Collider (RHIC) facilities, observations such as large
v2 and its number of constituent quark scaling [1], jet
quenching [2], suppression in the production of high pT
(pT > 8 GeV/c) hadrons compare to p+p collisions have
confirmed the presence of a deconfined state of quarks
and gluons (QGP) [3, 4] in ultrarelativistic heavy-ion
collisions. In the ALICE experiment so far heavy-ion
collisions have been carried out by Pb208 nucleus [5].
Recently on 9th October 2017, ALICE collected data for
Xe+Xe collisions [6] over a time period of 8 hours. Xe
nucleus has a moderate prolate deformation [7] compared
to spherical Pb nucleus. A deformed Xe nucleus collision
allow us to probe a different initial condition compared
to the collision of spherical Pb nucleus.
Deformed shape of Xe nucleus provide us with various
type of collision configurations such as body-body, tip-
tip and side-side depending upon the angle of colliding
Xe nucleus with respect to reaction plane. Central
heavy-ion collisions with a spherically symmetric nucleus
such as Au, Pb always give a circular overlapping region
in xy plane but in the case of deformed nucleus the
overlapping region need not be circular. Measurement of
azimuthal anisotropies and their fluctuations in various
type of collision configurations and comparison with the
results from the collision of the spherical nucleus will
provide us the necessary input to constraining the initial
condition models. Hydrodynamical model simulation
predicts an increase of elliptic flow (v2) by 10% for a
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deformed shape of Xe nucleus compared to the spherical
shaped Xe nucleus in the central collisions and the
effect of deformation on v2 vanishes beyond the collision
centrality class of higher than 15% [8].
Furthermore, heavy-ion collisions with deformed nu-
cleus provide us with a better handle of background
measurement for chiral magnetic effect (CME) [9, 10].
Magnetic field produced due to the presence of spectator
nucleons is a source of CME observable whereas v2 acts
as a background for CME observable. In the central
collisions both v2 and magnetic field are less whereas
in mid-central collisions both of them are large. So,
the most preferable collisions to observe CME are those
where the magnetic field is finite and v2 is minimum and
this type of scenario can be achieved in the collision of
the deformed nucleus by selecting body-tip type collision
configuration.
In a recent hydrodynamic based model calculations [8] of
various observables in Xe+Xe collisions, the information
of the deformed Xe nucleus has been considered. In this
work, we present result from a transport based model
study of Xe+Xe collisions after including the deforma-
tion information. We also compare the model results
to those measured in the ALICE experiment [6, 11]. In
addition, we also present results for different Xe+Xe col-
lision configurations for observables such as <dNch/dη>,
pT spectra, <pT> and azimuthal anisotropies.
This paper is organized as follows, in the next section we
describe AMPT model and implementation of Xe+Xe
collisions in AMPT [12, 13] model, along with the
specific configurations of Xe+Xe collisions. In section
III we compare the AMPT model results with ALICE
measurements and present our results on <dNch/dη>,
pT spectra, <pT> and azimuthal anisotropies for dif-
ferent collision configurations. Finally in section IV we
summarize our observations.
2II. IMPLEMENTATION OF XE+XE
COLLISIONS IN AMPT MODEL
We have used the AMPT model with string melting
(SM) version. It is a hybrid transport model. This model
contains four basic stages:
1)Initial condition: Based on the initial condition from
HIJING [14].
2)Partonic scattering: Zhang’s parton cascade model [15]
has been used for scattering among the partons. Par-
ton scattering is calculated by using two body scattering
cross section from pQCD with screening masses.
3)Hadronization: In SM version of AMPT soft partons
are created from string and a quark coalescence model is
used to combine parton into hadrons.
4)Hadronic interaction: A Relativistic Transport
(ART) [16] model is used for the evaluation of hadronic
matter, which includes the interaction between hadrons.
For our study, we have used AMPT version 2.25t7 with
partonic cross section of 3mb. String melting parame-
ters a and b are 0.3 and 0.15 respectively. We have im-
plemented the deformation information of Xe nucleus in
AMPT by using a deformed Woods-Saxon [17] profile,
ρ =
ρ0
1 + exp(|r −R|/d) (1)
R = R0[1 + β2Y
0
2 (θ) + β4Y
0
4 (θ)] (2)
ρ0 is the normal nuclear density, R0 is the radius of Xe
nucleus, d is the diffuseness parameter and β2, β4 are the
deformed parameters for Xe nucleus. We have used R0
= 5.4 fm, d = 0.59 fm, β2 = 0.162 and β4 = -0.003 [7].
Y ml (θ) is the spherical harmonics. This implementation
is similar to those for U+U collisions as discussed in [18]
In this work, we have studied 3 type of collision configu-
ration of Xe nucleus which are chosen by the orientation
of semi-major axis and semi-minor axis of the colliding
deformed Xe nucleus. We compare results from these
configurations with the Xe+Xe collision which have
a random orientation of deformed Xe nucleus (usual
experimental situation). In addition, we also present
the result of Xe+Xe collision where the Xe nucleus is
considered to be spherically symmetric in order to see
the effect of deformation on the observables studied.
This configuration is created by setting the deformation
parameters β2 and β4 to zero. Three type of special
configurations which we have chosen for this analysis are
named as body-body, tip-tip and side-side. Orientation
unbiased configuration is named as random and collisions
with spherical Xe nucleus is named as spherical.
Details about the angular orientation of various config-
urations in terms of θ and φ are given in Table I. In
simulation of random configuration both the colliding Xe
nucleus are randomly rotated along the polar direction
by using a uniform distribution in θ with a weight of
sinθ and in an azimuthal direction with a uniform φ
distribution. We have analyzed 50000 minimum bias
TABLE I. Details of angular configuration in Xe+Xe colli-
sions. t and p in subscript denotes the target and projectile
respectively.
Configuration θp θt φp φt Impact parameter direction
general 0-pi 0-pi 0-2pi 0-2pi random
tip-tip 0 0 0-2pi 0-2pi minor axis
body-body pi/2 pi/2 0 0 major axis
side-side pi/2 pi/2 pi/2 pi/2 minor axis
events for each configuration for the analysis carried out
in the paper.
III. RESULTS
In order to compare the model result with the ALICE
experiment, we select those events which have at least
1 charged particle present in |η| < 1. This condition
is similar to INEL>0 trigger used in the ALICE ex-
periment [6, 11]. Centrality selection is done by bining
in multiplicity distribution of charged particle. For
centrality selection, we take the multiplicity distribution
of charged particle in the η range 2.8 < η < 5.1 and -3.7
< η < -1.7. This centrality selection, is chosen to mimic
the centrality selection used in the ALICE experiment.
1. Multiplicity, Pseudorapidity distribution, Transverse
momentum spectra and Mean Transverse momentum
Figure 1 shows <dNch/dη> per participating nucleons
as a function of centrality in |η| < 0.5 for different types
of collision configuration. Results from AMPT model are
compared with the ALICE measurements [19]. In central
collisions, AMPT overpredicts the data and in peripheral
collisions it underpredicts whereas for the mid-central
collisions the results from AMPT have a good agreement
with the data. <dNch/dη>/(< Npart > /2) is similar in
random and spherical case. Among the all collision con-
figurations, the tip-tip configuration has largest charged
particle multiplicity in central collisions whereas body-
body configuration has largest charged particle multiplic-
ity in mid central and peripheral collisions.
The upper panel of Fig. 2 shows η distribution of pro-
duced charged particles in 0-5% central Xe+Xe collisions
at
√
sNN = 5.44 TeV for various collision configurations
whereas the lower panel shows the same but with a tuned
centrality in the model so that the <Npart> of data and
model are the same. AMPT model is able to describe
the shape of η distribution but overpredicts the ALICE
measurement [19].
Charged particle pT spectra in the centrality class 0-5%,
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FIG. 1. (Color online) <dNch/dη> per participating nucleons
as a function of centrality for different Xe+Xe collision con-
figurations from AMPT model. The model results are com-
pared with the corresponding measurements from the ALICE
experiment [19].
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FIG. 2. (Color online) Upper panel: Pseudorapidity (η)
distribution of inclusive charged particles in 0-5 % central
Xe+Xe collisions at
√
sNN = 5.44 TeV for different configu-
rations. Results from AMPT model are compared with the
measurements from the ALICE experiment [19]. Lower panel:
Same as the upper panel but with centrality tuned in the
model such that data and model have same <Npart>.
20-30% and 40-50% for Xe+Xe collisions at
√
sNN = 5.44
TeV are shown in Fig. 3. Results from AMPT model are
compared with the measurements from the ALICE ex-
periment [11]. For pT < 2.0 GeV/c model overpredicts
the data in central collisions, it is consistent with the
data in mid central collisions and the model results un-
derpredict the data for the peripheral collisions. For pT
> 2.0 GeV/c model underpredicts the data for all the
centrality classes studied. The pT spectra obtained from
both spherical and random configurations are found to
be consistent with each other.
Figure 4 shows <pT> of charged particles as a func-
tion of <Npart> for various Xe+Xe collision configura-
tions in AMPT model. We find that in AMPT model
with string melting <pT> does not show a strong cen-
trality dependence and underpredicts the ALICE mea-
surements except for the most peripheral collisions. In
central and mid central Xe+Xe collisions the tip-tip con-
figuration provides a higher value of <pT> however in
peripheral collisions body-body configuration leads to a
higher <pT> value compare to other configuration.
2. Elliptic and Triangular flow
Elliptic flow (v2) and triangular flow (v3) are re-
spectively the second order and third order Fourier
coefficients of particle distributions [20]. We have
calculated these flow coefficients by scalar product
method. The nth order flow coefficient in scalar product
method [21] is defined as,
vn{2, |∆η| > 2} = << un,kQ
∗
n >>√
<QnQA∗n ><QnQ
B∗
n >
<QAnQ
B∗
n >
(3)
where flow vector Qn =
∑n
j=1 e
inφj and un,k = e
inφk . φj
is the azimuthal angle of jth particle and k is the particle
of interest. Double bracket (<<>>) corresponds to an
average over all particles in all events and single bracket
(<>) corresponds to an average over all events. ∗ is the
complex conjugate. We calculate flow vectors Qn, Q
A
n
and QBn in 2.8 < η < 5.1, -3.7 < η < 1.7 and |η| < 0.8
respectively. |∆η| > 2 corresponds to the η gaps between
the regions where un,k, Qn, Q
A
n and Q
B
n are calculated.
Figure 5 shows pT integrated <v2> for different Xe+Xe
configurations in AMPT model along with the measure-
ment from the ALICE experiment for Xe+Xe collisions
at
√
sNN = 5.44 TeV. A clear centrality dependence of
<v2> have been observed from AMPT model. <v2> in
Xe+Xe collisions with randomly oriented Xe nucleus in
AMPT model overpredicts the data [6] in central colli-
sions, however consistent with the ALICE measurements
above 30% centrality. We find that <v2> in Xe+Xe col-
lisions with randomly oriented deformed nucleus is 15%
and 6% higher compared to the collisions with spheri-
cal Xe nucleus in 0-5% and 5-10% centrality and consis-
tent with each other above collision centrality 10%. This
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FIG. 3. (Color online) Upper panels show charged particle transverse momentum (pT) spectra at |η| < 0.8 in centrality class
0-5%, 20-30% and 40-50% from AMPT model for various collision configurations in Xe+Xe collisions at
√
sNN = 5.44 TeV
along with the measurement from the ALICE experiment [11]. Lower panels show the ratios of model to data.
0 50 100 150 200 250
>part<N
0.65
0.7
0.75
0.8)c
>
 (G
eV
/
Tp
<
ALICE
spherical
random
body-body
side-side
tip-tip
 = 5.44 TeVNNsXe+Xe, 
AMPT-SM
| < 0.8η|
FIG. 4. (Color online) <pT> of charged particle as a function
of <Npart> at |η| < 0.8 for various collision configurations in
AMPT model along with the measurement from the ALICE
experiment [11] in Xe+Xe collisions at
√
sNN = 5.44 TeV.
observation is consistent with hydrodynamics prediction
is given in [8]. side-side configuration leads to a larger
<v2> compare to all other configurations. Tip-tip con-
figuration shows smallest <v2> in 0-5% central collisions
whereas for other centrality studied the body-body con-
figuration gives lowest <v2>. We have also studied pT
differential v2 in different centrality classes and those are
shown in Fig 6. A strong pT dependence of v2 has been
observed. Figure 7 shows pT integrated <v3>, for 5 dif-
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FIG. 5. (Color online) pT integrated <v2> at |η| < 0.8 as a
function of centrality from AMPT and ALICE experiment [6]
in Xe+Xe collisions at
√
sNN = 5.44 TeV.
ferent Xe+Xe collision configurations in AMPT model
along with the measurements from the ALICE experi-
ment. A mild centrality dependence in measured<v3> is
observed from AMPT model. AMPTmodel with random
configuration overpredicts the ALICE measurements [6].
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FIG. 6. (Color online) pT differential v2 at |η| < 0.8 from
AMPT and ALICE experiment [6] in Xe+Xe collisions at√
sNN = 5.44 TeV
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FIG. 7. (Color online) pT integrated <v3> at |η| < 0.8 as a
function of centrality from AMPT and ALICE experiment [6]
in Xe+Xe collisions at
√
sNN = 5.44 TeV.
IV. SUMMARY
In this work, we have implemented the deformation of
Xe nucleus in AMPT model framework which gives us a
unique possibility to study the different type of collision
configuration. These collision configurations are sensi-
tive to initial conditions and can be used to constrain
various initial state models. Deformation of Xe nucleus
is implemented by using a deformed Woods-saxon pro-
file of nucleon distribution. We have studied 3 special
type of collision configurations of Xe nucleus which have
been achieved by rotating the Xe nucleus in polar and
azimuthal directions. We compare various result from
AMPT model with the corresponding ALICE measure-
ments. To understand the effect of deformation on the
measured observable, we compare the AMPT model re-
sults from the collisions of deformed Xe nucleus with the
results from the collisions where Xe nucleus is conder to
be spherically symmetric. In addition to that we also
compare the results between different Xe+Xe collision
configurations.
We find that the observed <dNch/dη> at |η| < 0.5 in
AMPT model overpredicts the ALICE measurements in
central Xe+Xe collisions at
√
sNN = 5.44 TeV, consistent
with the data in mid central collisions and underpredicts
the ALICE measurements in peripheral collisions. The
calculated < pT > from AMPT model does not show any
significant centrality dependence and underpredicts the
ALICE measurements for all centrality classes except for
the most peripheral collisions. random configuration of
AMPT model gives a slightly higher value of v2 compare
to ALICE measurements in central collisions, however it
is consistent with the data above 30% centrality. Mea-
sured v3 in ALICE experiment is overpredicted by the
results from the random Xe+Xe configuration of AMPT
model.
We observe a dependence on the Xe+Xe collision config-
urations for the measured observables. In central colli-
sion the tip-tip configuration leads to a higher value of
<dNch/dη> compared to other configurations, whereas
in peripheral collision the body-body configuration gives
the largest value of <dNch/dη>. In central and mid cen-
tral Xe+Xe collisions the tip-tip configuration provides a
higher value of <pT> however in peripheral collisions the
body-body configuration leads to a higher <pT> value
compare to other configurations.We do not observe any
significant change in charged particle multiplicity and
<pT> between the spherical case and random case. El-
liptic flow in the central collision is enhanced by ∼15%
for random configuration compared to spherical config-
uration. In addition to that we also find that the side-
side configuration of Xe+Xe collisions lead to the largest
value of v2 and body-body configuration gives a smaller
value of v2 relative to other configurations. The calcu-
lated elliptic flow in side-side configuration is more than
50% larger compared to other configuration in central
and mid-central collisions.
If ALICE experiment could trigger these different colli-
sion configurations then these different initial state con-
dition can be possibly accessed. The future scope of our
study includes the study of CME observable in central
body-tip type collisions where we expect a finite amount
of magnetic field and less value of v2. We would also like
to develop a way to select such special types of collision
configurations in the experiment.
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